We have obtained complete phase coverage of the WC71O binaries WR 42 HD 97152 and WR 79 HD 152270 with high signal-to-noise ratio (S/N), moderate-resolution spectra. Remarkable orbital phase-locked profile variations of the C iii l 5696 line are observed and interpreted as arising from colliding wind effects. Within this scenario, we have modelled the spectra using a purely geometrical model that assumes a cone-shaped wind±wind interaction region which partially wraps around the O star. Such modelling holds the exciting promise of revealing a number of interesting parameters for WR1O binaries, such as the orbital inclination, the streaming velocity of material in the interaction region and the ratio of wind momentum flux. Knowledge of these parameters in turn leads to the possibility of a better understanding of WR star masses, mass-loss rates and wind region characteristics.
I N T R O D U C T I O N
The nature of Wolf±Rayet stars is one of the most fascinating problems in stellar astronomy. Many basic parameters that are fairly well known for most stars are not well known for these stars. It is important, however, to improve our understanding of massive stars and their descendants. Their winds are significant sources of chemical enrichment, momentum, and energy in the ISM rivalling that of supernovae (Leitherer, Robert & Drissen 1992) , thus playing a role in the dynamics and evolution of galaxies. In many cases, what we think we know about H ii regions, starbursts, and other galaxies is based on what we think we know about massive stars. What we know about these stars depends critically on our understanding of their mass-loss. Not only do their winds affect our measurements of many basic stellar quantities, but also their mass-loss affects their own evolution.
Early-type binaries offer the potential to learn much about O and WR stars and their winds. If two stars, both with substantial stellar winds, are close enough to each other, then a variety of phenomena related to the collision of the two winds might be observed. Indeed, over 20 years ago it was predicted that the shock region thus created would produce considerable X-rays which might provide information such as mass-loss rates and wind velocity structure (Cherepashchuk 1976; Prilutskii & Usov 1976) . Theoretical calculations of the structure of colliding winds have been presented by Kallrath (1991) , Stevens, Blondin & Pollock (1992) and Usov (1992 Usov ( , 1995 . Two shock regions are expected, separated by a contact discontinuity. The location of the contact surface is roughly determined by the condition that the wind momenta vectorially cancel. When one wind is much stronger, a cone-shaped bow shock region is expected that wraps around the star with the weaker wind. Orbital motion is expected to cause some deflection of the cone's axis from the line joining the two stars. In fact, however, matters are not quite so simple, and complications such as radiation pressure from the two stars, whether or not the winds have reached terminal velocity, orbital eccentricity, radiative cooling, etc. need to be considered.
As material flows along the shock front, it cools and should give rise to extra line emission in some spectral lines. Orbital phaserelated changes in the shapes of these emission features may allow the shape of the bow shock region to be deduced. The geometry of the wind±wind interaction region provides a wealth of information, such as the momentum ratio of the two stellar winds, the orbital inclination of the binary, the streaming velocity of material in the shock region, etc. Lu Èhrs (1997) has derived equations based on a purely geometric model of the shock cone which allow one to model the excess emission and thus determine the cone's shape parameters. He applied this technique to spectra of the WC71O binary WR 79 (HD 152270) .
In this paper we attempt to model the spectra of two WC 71O double-lined spectroscopic binaries. Like Lu Èhrs (1997) , we shall model our observations of WR 79. The O-star component of WR 79 has been assigned various spectral types from O5 to O8, with Lu Èhrs (1997) adopting a spectral type O6V. The other system we study is WR 42 HD97152 (WC71O7V; Davis, Moffat & Niemela 1981) . The similarity of the two systems extends to their periods, both of which are about 8 d. This similarity is of potential interest, since it simplifies comparisons of the shock cone parameters determined for the two systems.
O B S E RVAT I O N S
The Cassegrain spectrograph of the University of Toronto Southern Observatory 0.6-m telescope on Las Campanas was used to obtain the spectra analysed here. The glycol-cooled Photometrics CCD offered 516 pixels along the dispersion, which at 1.55 A Ê pixel 21 yielded about 800 A Ê of spectrum. The central wavelength was set near 5600 A Ê . The slit was opened to 1.6 arcsec on the sky, which was wide enough to sample the seeing but did not degrade the resolution. Using the splot task in iraf 1 to measure the width of the neon comparison lines typically gave FWHM of about 2 pixels. Each night's observation consisted of about half a dozen short exposures that were later co-added. These short exposures were typically about 6 min for WR 42 and about 2 min for WR 79. Comparison spectra were obtained both before and after each set of stellar exposures. About a dozen bias exposures were obtained at the start and end of each night. Flat-fields were obtained at the end of the night from spectra of the illuminated inside surface of the dome. Exposure times were about 10 min for these dome flats, and typically five exposures were obtained each night. The spectrograph was shrouded while these exposures were being obtained.
Data reduction (using iraf) consisted of subtracting a nightly average bias frame from all other frames. Stellar and comparison spectra were divided by the average of each night's dome flats and co-added. The stellar spectra were extracted using the tasks in the apextract package of iraf. The same apertures used for the stellar spectra were used for extracting their respective comparison spectra. The comparison spectra were then used to obtain dispersion relations for the stellar spectra. Rectification of the stellar spectra was performed by fitting a cubic spline to line-free regions. Typical signal-to-noise ratios in the continuum were about 250 for WR 42 and 300 for WR 79. Representative spectra of each star are shown in Fig. 1 .
Since both WR 42 and WR 79 are binaries, it was no surprise that our spectra showed the emission and absorption lines shifting back and forth in velocity and in antiphase. A striking addition, though, is that most of the emission lines also show noticable line profile variations. For some lines these variations are very subtle (e.g., C iv l5802/5812), while for others they are remarkably strong (e.g., C iii l5696). He i l5876 also showed quite strong variations, but it is also cut up by the interstellar Na D lines and blended with the C iv line. Fig. 2 presents times series spectra of the C iii l5696 line for WR 42 and WR 79. Examination of these spectra reveals that each one seems to be composed of two components. The underlying profile shifts back and forth in wavelength as the Wolf± Rayet star moves in its orbit. Overlying this approximately constant shape profile is an extra component of emission, the shape and position of which varies with the orbital period.
M O D E L L I N G T H E S P E C T R A
Our working hypothesis for the remainder of this paper is that the extra emission arises in a colliding wind region. Within this scenario, modelling the extra emission should allow us to investigate the nature of the wind±wind interaction in these two WR1O binaries.
The underlying profile
Before we can proceed with modelling the extra emission, the underlying profile needs to be determined. Once this (assumed constant-shape) profile is in hand, either it can be subtracted and the extra emission modelled by itself, or the whole line profile can be modelled by adding another free parameter, the time-dependent velocity shift of the underlying profile.
Determining the shape of the underlying profile requires certain assumptions to be made. One reasonable assumption is that in the absence of the extra emission the underlying C iii l5696 profile will have a shape similar to that seen in single Wolf±Rayet stars of subtype WC7, in other words flat-topped (e.g. Bappu 1973) . At certain phases the extra emission appears to be so far shortward that the longward flank and part of the top of the underlying profile is revealed. Likewise there seem to be phases where the opposite is true and the shortward flank and part of the top of the underlying profile can be seen. In principle, with the two flanks and the level of the top discernible, the underlying profile can be found if one assumes that it is flat-topped.
The shortward side of the underlying profile for WR 42 was determined using the spectra from JD 244 9430. 8, 31.8, 38.8, 39.8 and 46 .6. The longward side was found with those from JD 244 9434. 8, 35.8, 42.6 and 43.8 . For WR 79, the shortward flank was found using the spectra from JD 244 9428.9, 35.9, 36.8, 44.8 and 45.8. The longward side was found using the spectra from JD 244 9431.9, 32.9, 40.8 and 41.8. For each star the spectra used to form the shortward and longward flanks of the underlying profile were cross-correlated with each other to determine their respective radial velocity shifts. The cross-correlation range was restricted to the steep portion of the flank in question. After shifting the spectra in velocity to align them, they were combined, thus forming average shortward and longward sides of the underlying profile for each star. To set these two halves of the underlying profile on the same wavelength scale, the shortward shoulder of the C iv l5802/5812 2 doublet (little affected by excess emission ± see below) was used to align them. The longward shoulder of C iv l5812 was not used because of possible interference from He i l5876. Cross-correlation was used to determine how much to shift the average shortward side to be on the same wavelength scale as the average longward side. The cross-correlation range was limited to the very steep part of the shortward shoulder of C iv l5812. An underlying C iii l 5696 profile was finally constructed by joining the two shortward and longward sides and assuming that the line is flat-topped. The fact that the top of the underlying profile, as it appears to be partially revealed on each side, is at the same level implies that the assumption of a flat top is reasonable. The excess emission was finally obtained by shifting the underlying profile in wavelength by appropriate amounts and subtracting it from individual spectra. For each spectrum, the wavelength shift applied to the underlying profile prior to subtraction was determined by cross-correlating the lower flanks of the underlying profile with the same parts of the spectrum in question. In some spectra, where the extra emission was clearly all the way to one side, only the opposite side was used. Fig. 3 presents examples of the underlying profiles determined for each star.
The orbital phases
Before we can contemplate modelling the excess emission, we need to know the relative positions of the WR and O stars with respect to the observer. In other words, we need to have some knowledge of the orbit. The amounts that the underlying C iii profiles had to be shifted (as described above), provide one set of radial velocities for each star, and these are presented in Tables 1  and 2 . The strongest line present in our spectra is C iv l5812, and we have measured it for radial velocity. There is a faint hint of variable excess emission present on the top of this line, so the radial velocity has been measured using just the flanks of the line and the iraf task fxcor. The velocities were measured with respect to the first spectrum of each data set, and then set to an The emission line is a blend of multiplet 1 of C iv, multiplet 22 of C iii and perhaps even multiplet 15 of N iv. It has an effective wavelength of 5812 A Ê (Underhill 1992) , and so we shall hereafter refer to it simply as C iv l 5812 and adopt a rest wavelength of 5812.0 A Ê . absolute scale by bisecting this template C iv profile at a number of points near the half-maximum point. Other emission lines present in our spectra are He ii l5412, C iv l5470, O iii l5592, and He i l5876. We have not measured these lines because they are either very weak, blended, or cut up by interstellar absorption. There are three stellar absorption lines visible (or barely visible) in our spectra. Both O iii l5592 and He i l5876 are very weak and superposed on emission lines. We have measured the He ii l 5412 absorption line by fitting a Gaussian to it using the iraf task splot. This line is also superposed on an emission line, and not well resolved due to the moderate resolution of our spectra. It is not our intention to derive a definitive orbit for either WR 42 or WR 79, but merely to determine with reasonable accuracy where the O star and WR star are with respect to each other and the observer for each of our spectra. The orbit of WR 42 has been determined most recently by Davis et al. (1981) . They determined a period of 7X886^0X003 d with initial epoch (WR star in front) of HJD 244 2463X34^0X01X A period search of our data agrees with this value. Phasing our data to this period shows that, fortuitously, our phases repeat almost exactly after one cycle. This allows us to estimate the uncertainties in our radial velocity measurements. They are 28, 6 and 4 km s 21 for the He ii, C iii, and C iv lines respectively. We adopt an eccentricity of zero for this short-period system, as did Davis et al., and fit sine curves to the radial velocities presented in Table 1 . Fig. 4 shows these fits. Radial velocity curves measured for WR stars are known to show phase shifts and (often large) zero-point shifts with respect to those expected based on the velocities obtained from the photospheric lines of their companions (Underhill 1992; Bartzakos 1998) . We thus use just the results from the He ii l5412 line to determine the systemic velocity and epoch at which the WR star is in front (HJD 244 9431X3^0X2X A period of 7X886^0X003 d is compatible with either 883 or 884 cycles having elapsed since the initial epoch found by Davis et al. and that found here. These two cycle counts correspond to periods of either 7.8912 or 7X8823^0X0002 dX Table 3 presents the results of fitting sine curves to the velocities presented in Table 1 , including the phase shifts of the velocity curves defined by the C iii l5696 and C iv l5812 lines with respect to a curve in perfect antiphase to the He ii l 5412 curve.
Lu Èhrs (1997) included a determination of some of the orbital elements of WR 79 in his study of the colliding winds in that system. Using published radial velocities for C iii l5696 from Struve (1944a,b) and Seggewiss (1974) , combined with his own measurements, he obtained two possible periods, 8X2373^0X0002 and 8X8910^0X0002 dY but found that the longer period was preferable when the motion of the extra emission peaks was considered. We find, based on our spectra, a period of 8X900 X08 dX Like WR 42, our phases repeat almost exactly after one cycle, allowing uncertainties of 10, 11 and 7 km s 21 to be found for the He ii, C iii and C iv radial velocities. We find, as did Seggewiss (1974) and Lu Èhrs (1997) , that, within the uncertainties, the eccentricity is zero.
It is not clear how the C iii l5696 velocities of Struve (1944a,b) and Seggewiss (1974) were measured, and if the presence of variable extra emission on the top of the line was accounted for. We will not attempt to refine the period using these measurements. Lu Èhrs (1997) seems to have (at least partially) taken the extra emission into account for his measurements, and by combining only his velocities with ours we find P 8X8924^0X0005 dX We can refine this value by combining our He ii l5412 velocities with the He ii velocities of Seggewiss (1974) . Confining the search to the range 8.890 to 8.895 d we find P 8X8911^0X0001 dY confirming the period found by Lu Èhrs. The results of fitting sine curves to the WR 79 data are shown in Fig. 5 and presented in Table 4 .
Fitting the excess emission
The O star and Wolf±Rayet star in each of the two WR1O binaries studied here are expected to have substantial stellar winds. As such, one expects that these winds will collide and form some kind of interaction region. Further, it is reasonable to assume that this global shock region will be host to one or more local shocks and the associated large temperature and density variations. Hamann et al. (1992) have modelled various carbon and helium lines, and tested their dependence on mass-loss rate and temperature. They found that C iii l 5696 was extremely sensitive to both density and temperature variations. This is commensurate with our working assumption, namely that the extra emission which we have isolated by subtracting an underlying profile arises from plasma associated with the colliding winds. The excess Table 3 . Errorbars are not shown for C iv l5812 or C iii l5696 due to their small size. emission is easily visible atop the C iii l5696 line, but is also visible at a much lower level atop the C iv l5812 line. Lu Èhrs (1997) has developed a geometrical model which he has shown is capable of producing synthetic profiles that match the excess emission observed atop the C iii l5696 line of WR 79. The model assumes that optically thin line emission arises in the plasma as it cools and streams along the shock front(s). Fig. 6 illustrates the geometry involved. Since the O star's wind is much weaker, the shock region will tend to take the form of a cone enveloping it. We shall use the equations derived by Lu Èhrs as a basis for our attempts to model the excess emission observed from WR 42 and WR 79. Our approach is slightly different, though, as we shall describe.
As Lu Èhrs (1997) has shown, his equations naturally lead to the double-peaked profile exhibited by the excess emission from WR 79. The radial velocities of these two peaks are predicted to vary in a certain way with phase, and fitting curves of the expected form allows one to obtain the streaming velocity of material in the cone, the orbital inclination of the system, the half opening angle of the cone, and the Coriolis induced angular deviation of the cone's axis. In reality, the cone has some thickness, which becomes an additional free parameter. Lu Èhrs thus fixes the orbital inclination and Coriolis induced axis deviation angles to the values found, and then produces synthetic profiles to match those observed. He does not say so, but we infer that there are thus five free parameters in his synthetic profile fitting. The form of the equations that generate the synthetic profiles is such that they produce normalized spectra with velocities ranging from 21.0 to 11.0. Thus two of the free parameters are a multiplicative constant in velocity space and a possible velocity zero-point shift. Another multiplicative constant is required so that the height of the synthetic profiles agrees with those of the observed ones. The fourth and fifth free parameters are the opening angles of the cone and its thickness.
As mentioned above, we have taken a slightly different approach. Depending on the resolution of one's data and the values taken by the parameters describing the shock cone, the double peaks may not always be visible. This can make Lu Èhrs's (1997) approach impossible and a complete exploration of parameter space through detailed profile fitting excessively time-consuming. We thus start by measuring two quantities, the Table 4 . Errorbars are not shown due to their small size. Open circles represent the data from this paper. Crosses represent radial velocities from Seggewiss (1974) , shifted by 25 km s 21 to provide a common zero-point. Figure 6 . Cartoon of the geometrical model used to describe the optically thin line emission from an idealized uniform, thin cone. The cone has opening halfangle u, axis deviation due to coriolis forces df, and material in the cone has streaming velocity v str .
full width of the excess emission at some suitable height and the mean radial velocity of the entire excess emission (RV ex ).
Examination of the equations derived by Lu Èhrs leads us to expect that these quantities will vary according to FW ex C 1 1 2v str sin u 1 2 sin 2 i cos 2 f 2 df p 1
where C 1 and C 2 are simple constants, i is as usual the orbital inclination, f is phase in the orbit, and the other quantities are defined by Fig. 6 . Unlike Lu Èhrs, we define phase 0X0 to be the Wolf±Rayet star in front. Equation (1) results from assuming that the width of the excess emission is proportional to the separation between the two peaks plus a possible constant that might include the effects of turbulence in the wind, finite resolution, etc. Likewise, equation (2) results from assuming that the radial velocity of the entire excess emission is equal to the average of the individual peaks plus some constant that should be somewhat similar to the systemic velocity found from the underlying profile. We have measured both flanks of each excess emission profile at heights of 0.1, 0.15, 0.2 and 0.25 (in units of the continuum) above zero, and averaged these four measurements. These locations are indicated in Fig. 3 . The differences between the values for the shortward and longward sides thus provide a full width at about one-third maximum, while their average provides a bisector radial velocity at the same height. We have fitted curves of the forms of equations (1) and (2) to the measurements described above. The radial velocity and width data were fit simultaneously using the downhill simplex algorithm described in Press et al. (1986) . After finding that C 1 was negligible, it was set to zero for simplicity, and the curves refitted. We find from these fits v str 1505 km s 21 Y i 268Y u 338Y df 38Y and C 2 285 km s 21 for WR 42. For WR 79 we find v str 1800 km s 21 Y i 338Y u 508Y df 258Y and C 2 291 km s 21 X These quantities are used as the initial values for a more detailed profile fitting. The curves which yielded them are presented in Fig. 7 .
A second difference between our method and that of Lu Èhrs (1997) involves the detailed profile fitting. Whereas Lu Èhrs fits individual profiles separately and does not allow the full set of parameters to vary, we simultaneously fit all the profiles in a given data set and allow all the parameters to vary. We have written a subroutine which generates synthetic profiles using the equations presented by Lu Èhrs, and have embedded this subroutine within the downhill symplex routine described in Press et al. (1986) . As mentioned above, we use the above results of fitting curves to the excess emission width and position measurements as starting values. The resulting fits to the excess emission profiles are shown in Fig. 8 . The values used to generate these fits are presented in Tables 5 and 6 .
One of our concerns with the fitting procedure described above concerns the missing section of the Wolf±Rayet star's wind. Excess emission originates from the shock cone, which wraps around the O star, but one also expects the O star thus to produce a shadow or cavity in the wind of the WR star. This cavity is not truly empty, since it contains material from the wind from the O star that does not produce C iii emission. Visual examination of Fig. 8 shows there are a few systematic shortcomings of the synthetic profile fits to the observed excess emission. For example, around phase 0.2±0.3, the fits to the WR 42 excess emission are too strong on the longward side. For WR 79, the fits around phase 0.3±0.5 are too weak on the shortward side. Could these be the result of our not accounting for the missing section of WR star wind in our fitting procedure?
By subtracting a symmetrical flat-topped underlying profile from the observed C iii l5696 profiles we are implicitly neglecting a possible cavity in the WR star wind. Recall that at certain phases the excess emission was so far shortward or longward that the top and flank of the underlying profile were revealed on the opposite sides. When the excess emission is as far shortward (longward) as it can go, any effects the missing wind will have on the underlying profile will also be at a shortward (longward) extremum, since the cavity is bounded by the shock cone. Within this scenario, we have correctly determined the height and shape of the underlying profile except for a (possible) piece missing from it. This (possible) piece would move back and forth in wavelength with orbital phase. For example, when the WR star is behind the O star, the underlying profile would really have a chunk taken out close to its shortward edge. We may thus be subtracting too much underlying profile at certain wavelengths which depend on phase. Some additional extra emission may thus need to be added back in.
We have tested this possibility by modifying our code which produces the synthetic profiles. More emission was added, corresponding to material that would otherwise be present in the space produced by shadowing by the O star. This resulted in an additional three free parameters, namely the velocity of missing material, its velocity zero-point shift, and a multiplicative term to adjust the amount of missing emission. The size and geometry of the cavity are determined already by the opening angle of the cone, the orbital inclination, and the Coriolis angular deviation. We are thus making the approximation that the velocity field of the missing material is directed radially away from the apex of the cone. This is not strictly true, since the real flow is centred on the WR star, not the cone apex, and the cone has a Coriolis angular deviation. This resulted in a new total of 10 free parameters, the original seven plus these new three. The fitting was redone with all 10 parameters free to vary. The multiplicative term was found to go to zero, which implies that if correcting for the missing wind must take the form of adding something back in, then the effects are negligible. The same results were obtained with the Coriolis angular deviation of the missing material set to zero. These results may be due to the shocks which give rise to the extra emission being at a different distance from the WR star than the part of its wind which gives rise to the underlying emission.
As described above, we expected that correction for the missing wind would need to take the form of adding more extra emission. As an experiment, the multiplicative term was allowed to be negative. In other words, the correction took the form of subtracting some extra emission. The multiplicative term then tended to very small but non-zero values, but the original seven parameters did not change significantly. The streaming velocity and velocity zero-point shift of missing material converged to values almost identical to those for the material in the cone. The systematic fitting deficiencies noted above were not alleviated. It is not obvious that negative values of the multiplicative term are physically meaningful, but, regardless, since the original seven parameters remained effectively unchanged, the implication is that neglecting a possible cavity in the WR star wind does not have major consequences, at least in these two systems. This may not be the case for the WCE1O systems WR 9 and Br22 (Bartzakos 1998 ).
Uncertainties
One of the advantages of the downhill symplex algorithm is that while searching x 2 space for a best fit, no derivatives need to be calculated, so the code is very easy to implement. This is also, in some sense, one of the drawbacks. It is not easy to calculate uncertainties in the fitting parameters.
We consider two major types of errors. One source of uncertainty is directly related to the existence of some degree of degeneracy among the fitting parameters. One can force any one parameter away from its`best' value and, by varying the other parameters, still achieve a satisfactory fit. The other type of uncertainty is related to how the excess emission profiles are obtained. Any error in continuum placement or the subtraction of the underlying profile will directly translate into an error in the shape of the excess emission profile. If the underlying profile chosen is too high or too low, this will act like an error in continuum placement. We will thus speak of degeneracy errors and continuum errors.
We have obtained uncertainties from continuum errors in a manner which, while not rigorous, should be roughly correct. Errors in the continuum can be of the form of a gross misplacement up or down, or take the form of waves or kinks. We estimate that the former is at most a few per cent, while, the latter may be larger, perhaps approaching 10 per cent once both the continuum placement and underlying profile subtraction are considered. As a first step toward estimating these errors, we generated a series of artificial observed excess emission profiles at the same phases as observed and using the same parameters as those presented in Tables 5 and 6 . We added noise to these profiles equal to that measured in the real observed profiles. The artificial observed profiles were raised and lowered by amounts sufficient to mimic gross misplacements of the continuum by 5 per cent, and then fitted as were the real profiles. To simulate waves or kinks in the continuum placement, we added sine waves of varying periods and with random zero-points to the artificial observed profiles. The waves all had amplitudes of 10 per cent of the continuum.
The degeneracy errors were found by forcing one parameter at a time away from the`best' value and optimizing the other parameters while fitting the artificial observed profiles. The uncertainties found in this way were added in quadrature with those found for gross misplacements of the continuum and for waves in the continuum. These uncertainties are presented in Tables 5 and 6 .
D I S C U S S I O N
Using a purely geometrical model (based on the equations presented by Lu Èhrs 1997), we have fitted the excess emission observed atop the C iii l 5696 line in spectra of WR 42 and WR 79. With a slightly different fitting procedure than us, Lu Èhrs has also fitted the excess emission observed atop the C iii l5696 emission line in spectra of WR 79. One of the first questions that thus comes to mind is how do our results compare to his? We find a much larger streaming velocity than does Lu Èhrs, who finds 1417 km s
21
. Some of the difference may be due to the fact that Lu Èhrs does not find v str by fitting the profiles, but by measuring the positions of the peaks in the excess emission profiles. Our values for the half opening angle of the cone and the orbital inclination agree within our quoted uncertainties with those found by Lu Èhrs. We find a thinner cone than does Lu Èhrs (298 versus 448). At first, the agreement for the Coriolis deviation angle does not look good, but after consideration of the phase shift between velocities obtained from C iii l5696 and He ii l 5412, the difference is less than 18. We base our phases on the He ii l5412 absorption lines. This line was beyond the wavelength range of Lu Èhrs' spectra and he based his phases on C iii l 5696 from the WR wind. For the two systems studied here, the orbital inclinations have previously been determined by a number of different techniques. Table 7 presents a summary of values we have found in the literature. In general, we find inclination angles lower than those found by other techniques. We do not claim that the values determined here are preferable, but it is interesting to note that both polarimetry and photometry make some assumptions regarding the symmetry of the Wolf±Rayet stars' winds. The working hypothesis of this paper is that the winds are definitely not spherically symmetric, since significant density enhancements occur in the colliding wind region.
We can use our inclination angles combined with values of M sin 3 i to get absolute masses for the stars studied here. Since the radial velocity curves presented here are not the most accurate available, we use the results of Davis et al. (1981) and Seggewiss (1974) Perhaps one of the most intriguing questions that arises from the results presented here regards the differences found for the two systems. Both consist of WC 7 stars with apparently similar O star companions orbiting with periods of about 8 d. Why are the half opening angles of the cones and the Coriolis deviation angles so different? Usov (1995) has derived a simple formula for estimating the half opening angle as a function of the momentum flux ratio h, (Marchenko, Moffat & Koenigsberger 1994) . For the range of inclination angles presented in Table 7 , we find df exp 108 to 168 for WR 42, and 88 to 138 for WR 79. The uncertainty in v str contributes another few degrees of uncertainty. The expected and observed deviation angles for WR 42 are not too different, but we find a deviation angle for WR 79 that is about a factor of 2 or 3 larger than expected. One point to bear in mind is that our phases for both stars are calculated with respect to the radial velocity curve of the He ii l5412 absorption line. It is assumed that this line originates in the photosphere of the O star, and that radial velocities measured from it do not suffer from phase shifts which can sometimes accompany velocity curves obtained from the emission lines from the Wolf±Rayet stars. However, the He ii absorption feature is superposed on the He ii emission line from the Wolf±Rayet star for both WR 42 and WR 79. It may be that measuring an absorption line superposed atop an emission line, each of which is moving back and forth in antiphase, has introduced some error into our phasing. If so, one might expect similar errors for both stars. It may simply be that our ephemeris or period for WR 79, based on much older velocities from the literature, suffers from some error.
In the introduction we alluded to a number of complications which in fact need to be considered in addition to the simple mechanical model that our results are based on. Recently, Gayley, Owocki & Cranmer (1997) have examined the importance of radiation pressure from the O star for wind±wind collisions in WR1O systems. They found that a strong radiative braking effect can be important for some systems. In particular, they predict that WR 42 may have a large enough imbalance between the momentum fluxes of the two winds that radiative braking may be necessary to aid in establishing a wind±wind ram balance. Our finding of a fairly narrow half opening angle for the shock cone in this system would seem to confirm their prediction that the WR star's wind is much stronger than that of the O star. However, the simple formula of Usov (1995) , which does not include radiation pressure effects, seems sufficient to roughly predict the half opening angle of WR 42.
C O N C L U S I O N S
We have obtained spectra covering slightly more than two full orbital cycles of both WR 42 and WR 79. The phase-locked variations of excess emission superposed atop the C iii l5696 emission line have been interpreted as arising from wind±wind collisions. The excess emission has been successfully fitted by using a purely geometric model based on the equations of Lu Èhrs (1997) . Fitting the emission yields values for the half opening angles of the shock cones which agree well with predictions using the formulae of Usov (1995) and the momentum flux ratios. The orbital inclinations are also derived, but the values are noticeably lower than values found using other methods such as polarimetry and photometry. Uncertainties in the inclination angles are sufficiently large to prevent meaningful estimates of the individual stellar masses, especially in low-inclination systems such as these. Interestingly, the streaming velocities of material in the shock cones seem to agree fairly well with values of v 1 from Prinja et al. (1990) . The deviation angle of the axis of the shock cone from the line connecting the Wolf±Rayet and O star for WR 42 seems about as expected from simple consideration of v str and the relative orbital velocity of the two stars. For WR 79, however, it is larger by a factor of 2 or 3, which is not easily explained. Both of the Wolf±Rayet stars studied here are of the WC7 subtype, and both systems have periods of about 8 d. It will be very interesting to see if the modelling presented here can be applied to systems with different separations (periods) and containing different Wolf±Rayet subtypes. In particular, it will be interesting to see if the simple formula of Usov (1995) is equally successful in predicting shock cone opening angles, whether v str and v 1 remain so similar, whether orbital inclination angles tend to low values, and what values of the Coriolis deviation angle are found.
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